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Figure 2. Generation of A Nucleic 
Acid Building Block by Polymerase- 
Based Amplification. 
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FIGURE 3. Unique Overhangs And Unique Couplings. 

The number of unique overhangs of each size (e.g. the total number of unique overhangs 
composed of 1 or 2 or 3, etc. nucleotides) exceeds the number of unique couplings that can 
result from the use of all the unique overhangs of that size. For example, the total number of 
unique couplings that can be made using all the 8 unique single-nucleotide 3 ' overhangs and 
single-nucleotide 5' overhangs is 4. 



PANEL A. 4 unique single-nucleotide 3' overhangs are possible (i.e., A, C, G, & T). For 
each of these there is a complementary 3' overhang with which it can pair (i.e., T, G, C, & 
A, respectively), as shown. 



G 



PANEL B. However, the number of unique single-nucleotide 3' overhangs is greater than 
the number of unique couplings. Thus, only 2 intrinsically unique couplings exist using 
single-nucleotide 3' overhangs as shown. 



PANEL C. Likewise, 4 unique-single nucleotide 5' overhangs are possible (i.e., A, C, G, 
& T). For each of these there is a complementary 5' overhang with which it can pair (i.e., 
T, G, C, & A, respectively), as shown. 
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PANEL D. However, the number of unique single-nucleotide 5' overhangs is greater than 
the number of unique couplings. Thus, only 2 intrinsically unique couplings exist using 
single-nucleotide 5' overhangs as shown. 




FIGURE 4. Unique Overall Assembly Order Achieved by Sequentially 
Coupling the Building Blocks 

Awareness of the degeneracy (between the number of unique overhangs and the number of 
unique couplings) is important in order to avoid the production of degeneracy in the overall 
assembly order of the finalized nucleic acid. However, a unique overall assembly order can 
also be achieved - despite the use of non-unique couplings - by using building blocks having 
distinct combinations of couplings, and/or by stepping the assembly of the building blocks in 
a deliberately chosen sequence.- 



PANEL A. For example, one could attempt to assemble the following nucleic acid 
product using the 5 nucleic acid building blocks as shown. 




PANEL B. However, degeneracy in the overall assembly order of the 5 nucleic acid 
building blocks would be present if the assembly process were carried out in one step. 
For example, building block #2 and building block #3 could both couple to building 
block #1 as shown. 




Figure 5. Unique Couplings Available Using a Two-Nucleoti'de 3' Overhang. 



16 unique 3' overhangs can be formed using two nucleotides. However, use of these 16 
unique overhangs allows for the formation of only 6 unique couplings. Another 6 unique 
couplings are provided by the use 5' overhangs formed using two nucleotides. Thus, a 
total of 12 unique couplings are provided by the combined use of 3' and 5' two- 
nucleotide overhangs. "Twin" couplings are marked in the same shading. 
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FIGURE 4 cont. 



PANEL C. However, a unique overall assembly order could be achieved by 
sequentially coupling the building blocks in 2 steps (rather than all at once) as shown. 
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Figure 7. Synthetic genes from oligos.' 
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Figure 7 cont. 
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Figure 8. Nucleic acid building blocks for synthetic ligation 'gene reassembly. 
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Figure 9. Addition of Introns by Synthetic Ligation' Reassembly. 
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Figure 10 . Ligation Reassembly Using Fewer Than All The 
Nucleotides Of An Overhang. 
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Figure 11. Avoidance of unwanted self -ligation in palindromic 

couplings . 
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Figure 15 _ 
Evolution of polypeptides by synthesizing (in vivo or in vitro) corresponding 
deduced polynucleotides and subjecting the deduced polynucleotides to directed 
evolution and expression screening subsequently expressed polypeptides. 
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Figure 18 

# • 

Non-stochasfre polynucleotide reassembly in combnration with 
non-stochastic polynucleotide site-saturation mutagenesis. 

Shown below is a non-limiting example of a permutation of the directed evolution 
methods described herein 



Parental Set comprise polynucleotide d 
of 1 or more templates (e.g. viruses) 



Direct Evolution (preferably, for example, non-stochastic polynucleotide 
reassembly and/or polynucleotide site-saturation mutagenesis) 




Progenitor Set # 1 

Library of experimentally generated 

(e.g. chimeric viruses) 



Progenitor Set U 1A: Optimized molecules 

A subset of Progenitor Set # 1 comprised of the most desirable 
and/or highly optimized subset of molecules 



Non-stochastic polynucleotide site- 
saturation mutagenesis 
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Library of experimentally generated 
(e.g. site mutagenized viruses) 



Progenitor Set # 2A: More optimized than Progenitor Set # 1 A 

A subset of Progenitor Set # 2 comprised of the most desirable 
and/or highly optimized subset of molecules 
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subject to further chimerizations 
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Progenitor Set # 3A: More optimized than Progenitor Set # 2A 

A subset of Progenitor Set # 3 comprised of the most desirable 
and/or highly optimized subset of molecules 



« • 



Figure 19A An alignment of two CMV-derived nucleotide sequences from 

human and primate species. 
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Figure 19B 
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Figure 19C 
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1GASC|IGTTA|CAAT| 
iTScCGciACCGl 



1750 



1800 

jG|CATTGTT|ClT 

IgStiagccaccIgIc 




1 851 

g|||||gattaaa|||atc 
a^StggccgcS 



|TT|||§ATT||AAWT, 




1901 

^pTGT@AT^aT|C|TG|AGTGGTG|G| 
^^AA|cOT$1cSg1- -|cTCCCACiAiG| 



1950 

jcC^^GCG^ 



1951 

-m 



2000 

t1a|ttgtgaaag^gIgt1aa1a1catgc1at1g^g1a1ga 
|c|ga|c|ccccc §c|tc|cg|c|tcgcg|tg|c^a|g|at 



2 001 • 

GfeTdSGGGteQTTSTlCTBTiTTTi 

I if v< ii ' j Jr 1 DOB 



2051 

tgSttI 
gabgcIgI 



ssq.cc 



2050 

gTACG^TTTAgATTTlATTA 

.ccScHcggaScggcIgcgaIcagc 



2077 

|t||tt||t|1tttct||a — 
IcsGci - kgcggakgctt 



Figure 20: An alignment of the IFN-gamma nucleotide sequences from 
human, cat, rodent species. 



AF081502 Marmota monax IFN-gamma 
D30S19 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 



(1) --- GGeCTAftCTCTQTCT 

( 1 ) CTACTGATTTCAACTTCTTT QGCCTflACTCT.C 
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AF081502 Marmota monax IFN-gamma 
D30619 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 




100 



mz^mmt , „ 



AF081502 Marmota monax IFN-gamma 
D30619 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 



101 



tfTACTGTGAGC; 




150 





AF081502 Marmota monax IFN-gamma 
D30619 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 



151 



200 



(131) prnAATGCAA^ 
(14 9) fcTTt^KlSgg^^ 

(50) jtT^iaas^ 



AF081502 Marmota monax IFN-gamma 
D30619 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 



AF081502 Marmota monax IFN-gamma 
D30619 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 



(181) 

(199 

(100 



201 



250 




301 



AF081502 Marmota monax IFN-gamma (279) 
D30619 Felis catus IFN-gamma (299) 
X87308 Homo sapien IFN-gamma (198) 




351 



400 



AF081502 Marmota monax IFN-gamma 
D30S19 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 



AF081502 Marmota monax IFN-gamma 
D3 0619 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 

AF081502 Marmota monax IFN-gamma 
D3 0619 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 

AF081502 Marmota monax IFN-gamma 
D3 0S19 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 




501 550 



mmmm 

Mr- 



SG 



AF081502 Marmota monax IFN-gamma 
D3 0619 Felis catus IFN-gamma 
X87308 Homo sapien IFN-gamma 



551 



569 




lTATTTG 



